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(54) NITRIDE SEMICONDUCTOR DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light emitting element of improved light 
emitting output and better electrostatic resistance, for 
expanded application range to various application 
products, using an active layer of a multiplex quantum 
well structure. 

SOLUTION: Related to a nitride semiconductor device, 
comprising on a semiconductor substrate, a n-side 
nitride semiconductor layer, active layer, and p-side 
nitride semiconductor layer formed via a buffer layer 2, 
the n-side nitride semiconductor layer comprises an 
n-side first multilayered film layer, wherein at least 
three layers of a lower layer comprising an undoped 
nitride semiconductor 3 of film thickness of 
100-10,000 &angst;, intermediate layer 5b comprising 
nitride semiconductor doped with n-type impurities, and 
upper layer comprising undoped nitride semiconductor 3, 
are sequentially laminated, with the active layer being 
of a multiplex quantum well structure comprising an 
lnaa1-aN (0^a<1) layer and a GaN layer. 
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0 * > h n - a vat <r>m&\~itm. lt^bH^o^v^ 

ittft«K co^n^o^v^s^itojitcrstts^ 

nfflf 2#iKi6A s /<7 7TfOJ:-) 

[0 0 2 8] *ffeljJ!l-i5V»T\ n ffiaftft^fttt* U> 
«rlB n flft 1 t ±IS n fl# 2 t 
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JO 

*ft S •£ 4 r£14Jf O ft Aft tJ^^ t ft h tz tb t # z. b ti 

o 

[0029] ttz, nm&2&mmm6<7>mtffii <oa 
\vfo*m\m t tzitmm 2 nmm^wmnno'p 
ft < t i>-u<ommi. &m-rz>& 1 <o&<m#m#m 

ii*2oafb»¥*fl*orto4"fc< tt-jowp 

air* 2 oMfb^**#s L?t 
&mmmzT&m,Lfzt§,&iz, %2<7>mit®*mitm m 
i oafb^#*#:s ) omm t-tKz&Asfzm 1 waib 

% l nG aNt U ^2 <oaft*#*<MI ^GaNtL 
fc*^, GaNitGaNitOWInGaNiWi 

fzW CLtzty ~tz> ctci 'k #WiRiirt«uiJv»-ra 
ffr^Wfb-f 4 * , *Rfti:mifW*» l-^fb-t 4 
iiMnit^lS, IP*,, *RWi-fe*«<*L 

fcafb»#*#w *f«t4o 1 t <b n4 o 

C (7) tb m x. ( f v - HfSFf- 05 J: 9 ft 3t^?SK ^ £>K t + 

[0030] *K */rrt»2oaffc»^*#« 

•JO »l i/c<i*2oa<b«j**<Mlo|B|-iiiSi5E*«5iii. 
BS:ra±t?sv»(cSft4, x«±ra— -eti^o «fiL< 

a, »i coafbw**#s, itzim2<r>m.itty)¥-&w 
4» i oa-fb%#*#e i ^ji»2 oa<b»**fWio 
*44tii, »ioaft»^*#«ifcj±»2oa'fb* 

* 2 <7>a-fb^;***B (^loafb^^^il) oiii 

40 (»2<oa<bt»#»^«) <7)lll«i5c3(f«>a«Jtk34*S 

[0 0 3 1] CTx.(f, R-lll^7C*0&J&|iil±T-5>* 
CSifj-tii:, ilOiftWffti* I nGaNt 
L, » 2 <oa-fb«*##» t G aNt Lfc*ft\ G a N 
itG aNStOfflcoi nG a NlO I n&**?S14S 

on- tizx <o. ^mmm^mzis^xmmmtmt 

StK«;t=a*«»L>!:aftte**ffSlt^JS-f 
50 -^ti/hS < ft4d[6]U*4o 
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[0 0 3 2] _LieOnffll^2^^Si® 6(i. 0Ox.(f. 11 

<om i *>afb«r*s#* t n^aais**-*-** 2 <vm 
im^-mwm t amm * ft* n mm 2 pmmm 6 l 

[0 0 3 3] nli2^TO6(i, r&t£« t StPal LT 

\tmi<r>mim^m^mx^^ m2(Dm.\m^mwm^ 
■n%xi>&<, nmm2&mmm6<Dmmmfrim^m 

HWii^K Hi ~e<4n«fjfl2^gj^f 6 

[0 0 3 4] <oMfL»#2#Wf (4 I n *^i*mm 

L < ii3 7C?S H B 0 O I nk G a i -k N (0< k 
<1) t L> ^^CffiKiiktt^O. 5 WTO In 
kGai-kN, f tffJKliktt^O. 2flTOInk 
Gai-kNtn o — »2 0^ft^#^®ii^l 

#UI®7eL&v^\ |£ H B a 14coAv^2co^ft^ 

%iI B B H OIn n Gai- 0 N (0^m<K m<k) SrJ&g 
»iL<iiGaNT-*^o * 2 oaftft#*fr* 

££o fifi L^fe^*>-£fc LT(4, IS 1 0Sft1&#* 
MlnkGai-kN (0<k<l) tU * 2 colitt 
I n.Gai-N (0^m< K m<k) . »4 
L < liG a Ni t-5jft^W»f ?>fi4o SC#i 
Lv^^^tLtli, jfSl Ofi<fci»#*fMicoktt 
^0. 5ttTOInkGai-kNt*^ i2<Oiftft* 

[0 0 3 5] »l*J:a f *2<oaft«**fMI«iW*t 
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72 

(± » 2 oaib^#»^i CO l ^fM^C, n wT-m 

mi) t V-^ZKX^h^ti^mV--~ft\%-J£i)K CO 

[0 0 3 6] iionl^fit LT<4, Si. Ge, S 
n, S**>IVSi, vi$*7cm£«Pi L<SWU S<bU# 
£L<(4SU Sniffle nS^»4 K--/i"* 
»£\ ^*E«&«K«5 x 1 0 21 /cm 3 WT> ff£ L < (4 
1 X 1 0 20 /cm 3 JaTClSt^o 5 X 1 0 21 /cm 3 X 9 

[0 0 3 7] #*fi^#P»itOrS14 
I7(i, I nS^G a *^*1-£Sft»*»*k »* L 
< 14. InaGai-aN (0^a< 1 ) "CiBSEStU n 

RV/Xli p S7«»S: K - rtr <> J: ffitti7C 

7 {zpWKma* K--ri-*k/<> Kms&**>t?--*jft 

ft<fc«3<>*Sj0. 5 e Vfl^vx^^HBUtf-**** 
[0 0 3 8] f&14S7C0»g)l<k#^Bt(O»8MI(4, 

r i>&^o #Rm<vmmt lxi± ioot>nhn- 

m&l 0 0^>^x hn-A J: if) i>m^k, &j3&fi}± 
LC< v^«ffi!U*4 0 — (?^Scol?^i4 2 OOOt 
hn-A&T\ »i L < (4 5 0 0 hn- 
AHT, J:WiL<li3 0 0^>^hn-^Ti: 

l/l^-«m±. »i L< (4 1 0^>^^ hn-AJSLJi-e 
L E Df ? ^ ^Of IcotS^* #1 1 Kii^^ 
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lUSi"-?^ 

[0 0 3 9] *f£9§C:fc^T, pi?77 K1 8 (±, '< 

£lipM^*$t>£-^#1-£A I bG ai-bN ( 0 =£ b s& 
1) *^il,|-lfiJ, Si*, pl^77K18A' 

SOffilJfli, 1 0 0 + >^*x hn-Aj-^T, $<bt;4fS 
L(li70t>^ hn-AWT, ft&SFS L < t± 1 0 

affc*#*#owitB#iWfiLT t * o , mm 

aWSft-C £ > S /ta<bt/###:l<0^ B B B tt75^ < Z> V 

X% pIMt^iSllLiti^+t'J r«e^±t < 

fiTL*v»«iau;*4„ c o J: 7 &mW<r> 2 tt*<0« * 

t, pi^ll^ 7 7 Kl 8«tlf coiSSli, ^<7>* 

fcPft't.&CfcUJ: *)fio 0 pI#li?7 7K18 0 
^BSJ?l±x # (C&seStl&v^ 2000^->^Xhn 
-AJ^T, EPS L<(±1 0 0 0*>^ hn-A&T, 

lUP^iOlEH-C** tifejfett**** < , V f **®T L 

»s * 3 <r>mm%*Mm\*'j?% < t a 1 

fraflSfc^MM*, *f S L < l± A 1 „ G a 1 -„ N ( 0 < n :£ 
1) im.&Z*tZZt1>m.i L<, SS 4 oa-fb^-*-*** 

WJKliAlpGai-pN (0=£p<l, n>p) , 
InrGai-rN (OSr^l) <7) J: 9 & 2 7C?IS, 3 7C 

jlSoafb^S#£j£ft £-t>mt LV» 0 pffl 

* 5 -y K« 8 *jBfe?fll& ttit, Witt^A < 4 

[0 0 4 0] p»ll7 7 7 Kfi^pSPF^iftJgtC 

tOpIMtM^Ii^^Cov^tlTCfto 
pfl^WR??? KS8<7)»3<DMft^*»#Si:»4 
OSft^#i»#St<7)pS^*l^f«S(±^^l9, -73<7> 

i^ttft»*t*i<. ^^-^(om^yf^nkmi 

7 7-x^)^-<7)*ii*3 <7>afk^**^S<7)^0 p 

W/J> ? £ JM oafb©*£#l o p STOt&jftft $ 
<, ffSL<I±T> K-T'ti-^t, g|{t^E, Vff 
$rffiT?*4C S£-?-«0jaT?*>J|>\, oS 
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MOpI^MS4'J^< LT, /<> K^-v -^/i 
* ;w <0/h $ £ $ 4 ^afb^^&Jf «D p M^tlift 

[0 0 4 1] f 3 <0lftft#f frl-NWff I K - 
a:t LTIi 1 X 1 O'O/cm 3 - 1 X 1 0 21 /cm 3 , $ h U 
fc?S L- < li 1 X 1 0' 9 /cm 3 ~ 5 X 1 0 20 /cm 3 O*gBU 

4«5ftft»**iMitOM3& t ^4<«:or, m»u*-v 
^0 T»Ko**v»W**»c>*lu< v>«Hi:*t), S/tl 

xi o^/rfin^v^, @Att#<!E< &&flsisjt; 

*-2>o »4oaft»#*fMiOpffl^*li!»»gEtt 
(±1/1 0£LJb4"fcv»2T4<3i L^ 0 Sttfil<li7 

p M^lfe^*** »K -?-<75ii± 1 x 1 O^/cmSJKJlTa^S 
SLv^ 0 S£, ;OK^t7 7'x|,;^*-^|i,^3 

i: p i^»?-#< K--r-r*»#<>iBi«i-c*4o pi 

NASI, IIBJ*7C«?:SKL. »SL<(±Mg, Cal 

£piPF*£^fci--5>o 

[0 0 4 2] ?^i;Sfw#-SP^«ffii-^afb%*iifr 
<. M3S8BJS:^0/F*£^«*75 J /h§v> (4fSL<(±T> 
[0 0 4 3] i/:pi^ll7 7 7 KSOSMoafb^ 

t » 4 <oft<b^**^lco P ffl/P*E^iftJS**ra 

— <0^(±, ±|e* 3 t * 4 <D£<f£&#J*fldS O p 

mwiwtm&m t£z>m,<ko%3 nmm^mwm <n P w* 

u p JB^iWWaK** I-]— r?* 4 b . ±E^*tftjftS* , ll 

YUTiftftOSs^pM^^ ^ K18^MLK^v, 
m*ifi]±o.a;T-«fS Lv>„ 

40 [0 0 4 4] ^i:, pl777 K!8^ pl^^ 
#*AUGai-bN (O^b^l) J: 19 i^*— «^<b 
^-5.^^ pi#-)S?7 7Kl8<OlS)Ili, 2 0 0 0 
hD-i.Jil.T. <tfS L< l± 1 ooot^nh 
n - A £TFT~£> IK it)»iL<a5 0 0-100t> 

5 y KS 8 <0Mli, A UGai-tN (O^b^l) X" 

&z> 0 ttz^ #-ii<07 7 7 K»tt, Rtie^smws 
50 1 (o&mmm 4 1 oa*^Mi: i t? , ^ssa < 
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ft£o U#-8li Lt^fOtOii^ 

i8(7)pi/F»0«S(i 1 x 1 0' 8 - 1 x 1 0 21 /cm 
3 , ffiL<(i5xi 0 18 - 5 X 1 0 20 /cm 3 , J: OfiFi 
L < (±5 X 1 0 19 - 1 X 1 0 20 /cm 3 ~C£>£o ^Jtt»« 

[0 0 4 5] ^fMBUfc^T, Mg K-^pfflJG 

aNn>*? h/f 9li, f^at^I n, Al^tii 

tLtv^t, pltl 0 fc*- 5 * ft 

W(i 0. 001-0. 5^nu ftiKliO. 0 1 
-0. 3 A im> X L< tiO. 05-0. 2//mt 

|R»*so. 00 1 //miHfV^tpSGaA 1 
N ^ 7 7 Ki h S^fi5CM L^t < ^ 9, u>9?Y 
ltLtftfflLC<K Ex^OGaAlN^ 

P lGaNn>^ h Jf 9 + L^1" < . ^B e s 14^ 

£ c S*:, :OpIGaN3>^ni90pW» 

X 1 0 21 /cm 3 , L < 12 5 X 1 0 19 - 3 X 1 0 20 /c 
m 3 . X i)fiPt L< li 1 X 1 0 20 /cm 3 @jg-e<fc£ o Mg 

f 4»6TL9i L^ 0 

[0 0 4 6] ttz, nfgl KinIn>^^M4± 
pilliMg K-^pfflGaNn^^^ M9±C 

XimiZ«Lfc2tL-r^ 00x1* nSIt LTIiW/A U 
pSM^: ItiiN i/Aufti**fflv*&C.£:7^-e§£o 
[0 0 4 7] 

[*Jfc«l] Bltxi:*iWli:o^rKWt4o * 
77>f7 (CM) <fc 1) ft£*«l SrMO VPE^SlSS 
SflU-fey h U 7fc?RS:Slti^^, 3fe«0»ft* 1 0 
5 0 TC * T±# $ itcO^'J-^>^^9o 

[0 0 4 8] (a + 77tI2) m^X^ fiS 5: 5 1 0 t: 

iTMG (b'J^f;^*'^A) fcSrfflv^ Sfiili: 
GaNJ:^i^;<77 7i2^1 50t>^hn- 

[0 0 4 9] (7>K-^GaN13) /<77r|2S 
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ftf£. TMGOM*!)t, iS8£ 1 0 5 orJtrJ:^-^ 
-tf&o 1 0 5 OTCUftofcfc, Rt<Sfl-^i:TM 
G, 7> j e-7^XS:fflt\ 7>K-7'GaNi3?' 
1. 5 jti mOlftffif?^^o 

[0050] (nffin>*^Mf4) g^T 1 0 5 0t 

x\ mc utmg. T>*-rirx* T-n® 

^X|:y7>5SrxtffiK S i^4. 5X10 18 /cm 3 
K-^U:GaN<J:l)i^nil3/^^ Ml 4 £ 2 . 2 

70 [0 0 5 1 ] (nffiiffll#SIK«5) *i:>7>^0 
**lktf>* 1 0 5 0tt\ TMG. T>*- 7 
v\ 7VK-7 p GaN^<bi4Ti5a*2 0 0 0t> 

>#X*iliDLS i *4. 5X10 18 /cm 3 K-yif: 
GaN*^4**Bl5 bi 3 0 0t>^fD-A<O 

i B iS(:t7> K--/G aNi^i^±!5 c^50t> 
^Fn-AOKStSgJ^ 3g^ft£|g:jif|J?2 

[0 0 5 2] (nii2#ili6) R«<7)fiK 
T% 7> K-^GaNJ: 9 ft * * 2 OSf fc»**#W «: 
4 0 *>^X b n-Aj&:g$-tf\ *fcUi&JK* 8 0 CCd 
Lt, TMG. TMK 7>*-7S:fflK T>Y--f 
I no.uGao.87NJ: ft Z> m 1 OHtf**ftl £ 2 

»»)i£U ^2+^lOjgT^SUl 0Wo*oStJf£ 
f G a N J: ») i ^ * 2 Ogffcttfffti S: 4 0 

30 nffllig2#S)8IS6 Z 6 4 0*>?'X hn-A<7)^IfT- 

[0 0 5 3] 7 ) ^U. 7 > K- ^G a N J: 

i^Bil^2 0 0*>^X hD-AORftKfi? 

«v>Tia**8 0 0t:ULT. TMG, TMI, T 
>^e-7£fflv>7> K-"7°I no. 4 G ao.eN X *9 ft&# 

t»s+#p+®^+#^- • • • +mm<nmxwmm 

^51, #P«£4«. SSUflW LT. *£RJ¥l 1 2 

o*>^hn-A (D^mm^Fimrk x n ft 4 

[0 0 5 4] (pi^il^7 7 KS8) ^(l. iBSl 

0 5 0mMG, TMA. 7>^6~7, CpaMg 

1 X 1 O 20 /^ K-^UplA lo.2Gao.8NJ: 

ft h m 3 <OS{L^¥*#« £ 4 0*>^x hn-A<7)BI 
ff-Cffifi§-e\ SEV^TfiS^ 8 0 0 CULT, TMG. 
TMI. T>^^T, C p2Mg iffiv^Mg 1 X 1 0 
20 /cm 3 K-*/L/c I no.osG ao.9?N<t 0 ft 4^4 O 
Sfb^#*^®?:2 hn-AOW'eWS 
50 Wo -€-LT^ii60»ft4:«l«)igL. IM+fMoj® 
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[0055] (p!GaN^/^^M9) l^tl 0 

5 ot-e, tmg, r^^e-r. Cp2Mg*fflv\ m 

g^lXl O^/cm 3 K-7'L/:pIG aNiOft^p 
[0 0 5 6] E)£4*7f£> i£ft£^£i-CTtf> Zhiz 

mm^m^, ^-^£R/£S§?rtu;kv^ too 

o 

[0 0 5 7] 7~ — U yWk, ^-'^ZKfcm&frb 
ff£fcO^X*£JFMU RIE (aSt£^*>^v^> 

^) ^wr~pm? > ? ? Mi^^x7f 

[0 0 5 8] J^y^->^^ ft_tJl(2&£ pfffl:7>?^ 

a u £^tf ^Tttto p mffi i o £ , <eo p i o o± 

tIrK>T-V >^ffl<7)A u J: 0 p/^y Kmffil 1 * 

0. 5 J umOlftMtl)o x 7 f>yi:i!i 
ttffl£-£fcn M4 Og®tliiW<!: A 1 £^ 
tr nfil 2 S:MLTLEDfft L£ 0 

[0 0 5 9] Z<DL ED*^tiMB*ft1E8i£2 OmAtl^ 
i^T. 5 2 0 nmOi|fefMfU V f <± 3 . 5 V 
T\ m*<7)#Sfi?-#F-«itc7)LEDmT-(IJt^tr. 
VfCl. 0Vi£<1S;TU tt#J(±2. 0«J£JUhU|fi|± 
L£ 0 *<r>tz£>^ 1 OmAT^OLEDfT-tliiffl 
*0«Ht**-t&LED*«»t>ixfco nhfttzL 
E DOft^WEE* L E D^niSlTplO^ttJ: 

1. 5«BL±t 4:0 ^^fco 

[0 0 6 0] £23. t£*0 L E D^T-0$£/£(i. GaN 
J:^)^^Il(7);<7 7 7iO±(:, 7 > K— "/G aN«t 
•)W*2 0^7 7 7S, S i K-rGaNi^^n 

#-Mg K-^A lo.iG ao.gNl, 
MgK-rGaN*t>«p«3>^ h««rHU«Ji 

[0 0 6 1 ] [HJfcW 2 ] *tfc#I 1 K ;fcv*T, fStt« 7 
*BTF<0 J: 9 USEx**(±W*»U Lt L E D*^*^ 

(rSiiS7) 7>K--/GaNJ:f)«:4ltM«: 
2 5 0*>lfA hn-AOBil?T^S$^ M^TfiJS 
^SOOtCLT, TMG. TMI, 7>^~7£fflv> 
7 > K-*7I no.3Gao.7Ni 9&<2>#P«£3 0*> 
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mm+#p • • • -+i?ioiT'i?iit7i, 

£6 5, 3cZUf*«LT, mtBiJ¥l 9 3 0 t>^bn 
-Aco#fifi^#R«iti: l) 7 ***** 

&o ftbftfzL EDfjf^-te. IH*|fi]B3E2 0 mAC^^ 

4 7 0 nm<7)OTfeM*^L, **ft0fl 1 fcR^U 

[0062] [*ife0O3] niSflji icio^r. *&14S7 

70 (ft14Jf 7 ) 7>K--/GaNJ:«)i4»iii: 
2 5 0 * > ^ h n-^oRSf«ftS^ S!^TSS 
4:8 0 OTCULT, TMG, TMI, 7>^-TS:l^ 
7>K-7 s Ino.3Gao.7NJ:t) i^#pi^3 0 * > 

£5Jf , £51 d BUILT, «f 1 6 5 0t>^Fn 
-AO#iiT#pilJ: V) &&fS1£S 7 
&o » 'bftfcL ED^HWi. J®^|pJ®S£2 0 mAU£v* 
T. 4 7 0 n mO^Wfef&7fc£^ L, 1 t R«ld 

[0 0 6 3] [HjfcflJ 4 ] HfiSCT 1 Kfc^T. f£1±5 7 
fcfiJITOJ: n \z^jLZ>tfo\*Wmz LT L E D*?-*^* 
Lfco 

2 5 0 * > ^ h n - AORftfift?^ Sv^tfiS 
£8 0 OTCULT, TMG. TMI, 7>^e~7£fflV> 
7> K--/I no.asG ao.esNJ: 5i^#Pi^3 0* 

n - a <7>^M^ #fT«j£ J: n 4 £ 7 * ftft $ * 
&o »?>*LfcLED*T-(i. HS*|plBSt2 0 mACii^ 

5 0 0 nm^fflfeM^^t, 11*608 1 fcH^U 

[0 0 6 4] [*Jfc0O 5 ] 1 Ui5V>T. 7 

stj^toj: 0 izm^zmtmmizLXLEDm^zftsi 

LtZo 

(ffitti7)^:, T> K-^G a N«tO 
2 5 0*>^^ hn-AOJBOp-ejjEftS^ ^cV^TfiS 
40 Sr8 0 OCiat, TMG> TM I . 7>^^7tfflv> 
7> no. 35 G ao. 65 N J: 0 i^#Pi^3 0^ 

• • • +mg£<omxmmm$: 41a, #p 

«*3S> icSU»SLT. iglRVl 0 9 0t>^F 
n-AO#«S^#pr«iiJ; 4^>fS14S 7 **«S* 
^>o flibJlfcLEDffli, MI^[o3miS2 OmAC^^ 
5 0 0 nmOfifeM^^L, ^J£0O 1 

[0065] [mmme] m&mi iz&^x^ nm%2 
50 g>mmm6 i$L&2*t%^mmmzLXLEDm*z 
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1 £<2(?[a]«i::&fft&£o 

[0 0 6 6] lUmM7] *t|[fl|li:^r, pflffl^Jf 

(pUBJjUR?? y Kg 8) affil 0 5 OttTMG, 
TMA. T>^~7\ Cp 2 Mg (y^n/<>^yx- 
^^*^>")A) Srfflv^ Mg^ixi O^/cm 3 K — 
7"lf:plAlo.i6Gao.84NJ: ^ & pfl8*-HR* 9 

[oo67] [*js^i8] mmmi iz&\,*x. nmmi 
&mmm 5 zixro* 3 ) iz&mmimw-r&m&mmiz 

LTLEDt^ML^o 

(nf$l^illi5) &lCv9>#*0**jhJ«>* 1 

0 5 0X:X\ TMG, TV^e^T^Srfflv^ T > K — 
7'G a NtJ^^^TS 5 a £ 3 0 0 0 * Fn-A 

LSi£4. 5 X 1 O^/cm 3 K-7°L/:G a Nrt*fc£ 
&ffHB5 b£3 0 0*>yz bn-AORff-CSEftS 

K-7"G a N^£>ft&±S 5c^5 Q*>yx b o-A 
OWtftftH, 3 « rt* 2: & «gflW 3 3 5 0*>^ 

[0 0 6 8] [*J6t?O9]||Jfe0O8Ui3^T, nl^> 

* ^ bg 4 C9HSJ?£. 4. 165/im, 5. 165/. 
nu 7. 1 6 5 m^-^^>flfe(i[WI#(r Lt3i<7)LED 

**4. 16 5//mS^5. 1 6 5 i« mOtl^li, Mffi 

* £ f OS^ftte l^cii ******* 

1 ^Mfci^o 

[0 0 6 9] [Xttftl Ommmi Ki3V*T. niffl*2 

Si*5X10 17 /cm 3 K-yLf:In 
o.iaG ao. 8 7N J: 1 Oljt%f#9#« £ <b ft 

[0070] mmmi nmt&miiz^x^ 

I^77K18t Mg^5X10 ,9 /cm 3 K-^L 
tzA I0.2G ao.sNJ: *) &2>&3 <D&1t$S*E&itm £. 
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T > K-^(7)I no.oaG ao.97NJ: 4 0tft» 

^^•fc^^iS^WBIt-r^flfe^n^ULT L ED 

[0 0 7 1 ] [Hjiffill 2 U*3t>T. pffl^Jf 

1^77 KB 8 £T> K--/OA I0.2G ao.sNJ: 0 ft 
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